Axonal dystrophy of dorsal root ganglion sensory neurons in a mouse model of Niemann-Pick disease type C.
Niemann-Pick disease type C (NP-C) is a progressive and fatal neurological disorder characterized by intracellular accumulation of cholesterol and glycolipid. A Balb/c-npc1 mutant strain is a genetically authentic murine model of NP-C, and homozygous mice show progressive weight loss and tremor or ataxia until death at 12-14 weeks of age. Neuropathologically, this model is known to faithfully reproduce the cardinal histologic features of NP-C including neuronal storage, appearance of swollen axons (spheroids), and neuronal loss, although the cellular mechanisms of neural degeneration are largely unknown. To investigate the mode of neural degeneration of sensory neurons in NP-C, we studied the central processes of dorsal root ganglion (DRG) neurons at the level of the medullary dorsal column nuclei and the spinal dorsal horn with special attention to the ultrastructural changes of presynaptic axon terminals. The appearance of axonal spheroids in the dorsal column nuclei and the loss of axons in the spinal nerve roots were assessed quantitatively. We show that the gracile nuclei develop numerous axonal spheroids after only 3 weeks. At 6 and 9 weeks, dystrophic axons, which were separated from simple axonal spheroids by the ultrastructural presence of distinctive tubulo-vesicular elements, progressively increased in size and number. These neuropathological findings are identical to those of gracile axonal dystrophy (GAD) of the normal aging mouse. Presynaptic elements were exclusively involved in spheroid formation. The cuneate nuclei and the spinal dorsal horn revealed fewer axonal spheroids and only rare dystrophic changes. This was associated with a significant drop in the number of L4-5 dorsal root axons in NP-C mouse at 9 weeks of age compared with controls. These results support the existence of a length-dependent axonopathy in the central processes of DRG neurons and are consistent with the view that altered axonal transport, which is implicated in the pathogenesis of GAD in physiological aging, may be an underlying mechanism in neuronal degeneration in NP-C. Clinically, the premature development of GAD may be responsible for ataxia, one of the early manifestations of this disease.